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Introduction 
The Post-Glacial zones of the pol-
len diagrams from the southern parts 
of F inland have been used extensively 
as a relative chronology in the study 
of t he stages of development of the 
Baltic Sea, particularly in dating the 
shore lines (see SAURAl>W 1958) . An 
attempt will here be made to study 
how accurately t hese zones can be se-
parated, in how large an area each 
zone can be used, and if it is necessary 
to define the zones differently from 
what has been customary, in order to 
make the zoning more useful in a 
larger area. Further, the different di-
visions of the diagrams into zones 
will be discussed as well as the reasons 
for the regional differences in the his-
tory of the forests. 
As a basis for the present study 25 
pollen diagrams were chosen from dif-
ferent parts of Finland (Fig. 1) , three 
diagrams being from areas ceded to 
the U.S.S.R. in 1944. I n choosing the 
diagrams an attempt was made to use 
diagrams which cover the entire Post-
Fig. 1. :\Iap of sites for pollen diagrams 
1-25. Present northern limits of some tree 
species according to ERKAMO (1960). A, 
area in which the zoning for sou thern and 
central Finland was used: B, in which the 
zoning for northern Finland was used; C, 
in which the zoning for north-eastern Fin-
land was used. 
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Glacial period. All the diagrams are redrawn in the same way, giving the 
curves for the tree pollen separately, the percentages being based on the 
total tree pollen sum, including Corylus. The stratigraphy of the organic 
sediments used for the pollen diagrams is not given, and the Late-Glacial 
parts of the diagrams, if present, are not included. 
In the diagrams the number of tree pollen counted has usually been 
100-150, seldom as high as 200, but often less than 100. Furthermore, the 
interval between the samples analyzed is in some older diagrams as much as 
20-50 cm, but usually, however, 10 cm. On the basis of the diagrams only 
the general outlines of the vegetational history can be discussed. A more 
comprehensive survey can only be made when more detailed pollen dia-
grams are available, where also the non-tree pollen curves are included. 
These could not be taken into account in the present survey because there 
are still too few diagrams in which they have been counted. 
The tree genera given in the pollen diagrams often represent different 
species (for maps giving their present distribution see H ULTEN 1950). Thus 
Betula represents Betula pubescens, B. verrucosa, B. tortuosa and B . nana. In 
some instances the presence of B. nana is indicated by comparatively small 
birch pollen, but this species has not generally been separated from the other 
birch species in the pollen diagrams. Betula tortuosa, which at present has a 
limited distribution in Lapland, has not either been separated. Pimts is assumed 
to represent only Pinus silvestris and Picea to represent Picea abies. Almts 
represents both Alnus glutinosa and A. incana, which have not been separated 
in the pollen counts except in one diagram from the Helsinki area (DoxXER 
1954) . Ulmus most likely represents Ulmus glabra, Quercus, Q. robu,r and Tilia, 
T. cordata. Corylus, which is included in the tree pollen diagrams, represents 
Corylus avellana. 
The author wishes to express his thanks to Dr. A. L. BACL~-1....'1 for pennission to use 
an unpublished pollen diagram from the Aland Islands, Professor V. AUER for many dis-
cussions on the subject and Professor H.-~....-.s L UTHER for his valuable co=ents on the 
manuscript. The author also wishes to thank llis. lluiELI \"UORELA for her invaluable 
help in preparing the pollen diagrams and ::IIrs. ::IL\RJA hlAYER for the final drawing of the 
diagrams. 
Zoning of the diagram 
The similarities between the tree pollen curves in the Post-Glacial diagrams 
from southern Finland and those from Denmark and Central Europe enabled 
SAURAMO (1949, 1958) to introduce a division of the Finnish diagrams into the 
same vegetational zones as used by FIRBA (1949) for Central Europe. This 
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zoning is largely based on the di,·isions by GRoss (1935) for East Prussian 
diagrams and by }ESSEX (1935) for Danish diagrams. The Post-Glacial zones 
differentiated by SAURA:I!O (1 958) in his summary of the history of the Baltic 
Sea start \Yith the Pre-Boreal period, zone IV, characterized by a marked Betula 
maximum. This zone he divides into sub-zones; IVa in which only Betula and 
Pinus are present and IVb in which also Corylus and Ulmus occur. The Boreal 
period, zone V, begins with the rise of the Pinus curve. In some diagrams the 
Boreal Pinus maximum is divided into two peaks, sub-zone V a and Vc, separa-
ted by a rise of the Betuia curve, sub-zone Vb. The steep rise of the Alnus 
(glutinosa) curve marks the beginning of the Atlantic period, zone VI, when 
the Betula curve often rises to higher values than the Pinus curve. The upper 
part of the Atlantic period, zone \ 'II, begins '1\·ith the rational border for Tilia. 
The lower limit of the Sub-Boreal period, zone VIII, is marked by the beginn-
ing of the continuous Picea curve and during this period Tilia reaches its high-
est Post-Glacial values. The Sub-Atlantic period, zone IX, is marked by a 
steep rise of the Picea curve and a marked decrease in the percentages for 
Tilia, Corylt~s, Vlmus and Alnus. There is also a rise of the Pinus curve and a 
decrease of B etula. Zone X in FIRBAS' division, representing the uppermost part 
of the Sub-Atlantic period with a strong influence of agriulture on the pollen-
curves, was not separated by SAURA:\10 in the Finnish diagrams. 
In addition to the aboYe-mentioned Post-Glacial periods the Late-Glacial 
Younger Dryas period, zone Ill, was demonstrated in profiles from the Sal-
pausselka area in southern Finland (DO)."XER 1951) , in south-eastern Finland 
(SAURA:~IO 1951) and later also in the Hyrynsalmi area in north-eastern Fin-
land (KANERVA 1956). This Late-Glacial period, during which a tundra vegeta-
tion prevailed in the areas which were ice-free at that time, is not discussed in 
the present study. The pollen diagrams extending down to the zone Ill period 
show that closed forests expanded rapidly during the climatic amelioration 
marking the beginning of the Post-Glacial period, zone IV. Thus, the present 
study only deals with the changes in the forest vegetation as depicted in the 
Post-Glacial diagrams. 
The zoning introduced by SAL"'RA:IIO (1949, 1958) for the southern parts of 
Finland can, with some changes, be used for diagrams 2- 17 (in diagram 1 
zones IV and V are missing). All these diagrams have common features in the 
curves for Pinus, Betula and Alnus, and the curves for mixed oak forest trees 
and Corylus occur in all of them. The Pre-Boreal period, zone IV, is well-marked 
by the Betula ma."Cimum. In addition to Pim~ small amounts of Alnus and 
Picea occur occasionally and the rational borders for Vlmt~s and Corylus are 
situated in the upper part of the zone, but only in diagrams from a limited 
area in southern Finland. In central Finland these two curves are broken and 
if they form continuous curves their rational borders are higher up in the dia-
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grams, in some diagrams in zones VI-VIII. Therefore, a sub-division of the 
Pre-Boreal period, zone IV, on the basis of Ulrnlls and Corylus has a very limited 
use, and as it is not a well defined boundary even in those diagrams in which it 
can be drawn, this sub-division is here abandoned. The Boreal period, zone V, 
is marked by a Pinus maximum and the lower zone boundary by the steep 
rise of the Pimts curve and the corresponding fall of the Betula curve. In this 
zone, particularly in its upper part, Almts is often already present as a conti-
nuous curve, but its steep rise usually coincides with a fall in the Pimts curve 
and a rise in the Betula curve, and this level marks the zone boundary V /VI. 
In the diagrams used there is no clear division of the Boreal period, zone V, 
into two Pinus peaks interrupted by an increase of Bet14la , which would allow 
a sub-division of this period. The variations in the percentages for Pint4S, and 
corresponding variations for Betula, are similar to those occuring in other parts 
of the diagrams. These variations are probably without any general significance 
in the vegetational history and merely show variations caused by local irre-
gularities in the pollen sedimentation or statistical variations. Furthermore, a 
possible vegetational change in the middle of the Boreal period with a rise of 
the Betula curve, caused by an improvement or a deterioration of the climate, 
is not recorded by corresponding changes in the curves for Corylus, Ulrnt4S or 
Alnus. Also for these reasons a sub-division of the zone is not here considered 
possible. During the Atlantic and Sub-Boreal periods, zones VI-VIII, the 
curves for Betula and Pinus show great variations, but the former is usually 
more strongly represented than the latter. Alm~s. Coryltts and Ulmus reach 
their highest Post-Glacial percentages, and Qttercus and Tilia form continuous 
curves, especially in the upper parts of the period represented by these zones. 
Picea is often also present here, but its steep rise coincides with a marked de-
crease of the curves for Ulrnus, Corylt~s. Almts, Quercus and Tilia, and often 
also Betula. The Pinus curve also increases at this level. All these changes mark 
the zone boundary VIII/IX, which is particularly clear in southern Finland 
but which can as well be easily determined in central Finland, even if Quercus 
and Tilia are not represented in the diagrams from that area. The position of 
the rational border for Tilia, which has been used as the boundary between the 
Atlantic zones VI and VII, varies greatly in relation to the zone boundaries 
V/VI and VIII/IX. In some diagrams from southern and south-eastern Fin-
land it is at or just above the former boundary, whereas in central Finland it 
is halfway between the two boundaries or closer to the latter. Still further 
north, Tilia occurs only sporadically. Because of these variations in the ratio-
nal border of Tilia it can not be used in separating zones VI and II. It may, 
however, be used locally in small areas in southern Finland as a level for corre-
lating different diagrams. The rational border for Picea also varies greatly and 
can not be used for separating zones VII and VIII. 
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Fig. 2. Schematical pollen diagrams for the three areas separated on the basis of their forest history (areas A, B 
and C in Fig. 1). The stages in the development of the Baltic Sea are shown on the left . 
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From the diagrams used it can be seen that there are no marked ngetational 
changes in zones VI - VIII which could be used in separating these zones. 
Therefore, the Atlantic and Sub-Boreal periods must be grouped together and 
treated as a unit (see Fig. 2). The follmving Sub-Atlantic period is, as mentioned, 
well defined and shows the general change-over from forests rich in deciduous 
trees to coniferous forests. This change is used as a zone boundary, not the 
rational border for Picea, which is often older. The zones and the general vege-
tational history of southern and central Finland are seen in the schematical 
diagram in Fig. 2. 
As mentioned above, the boundaries bebYeen zones VI, VII and VIII can 
not be separated, especially not in central Finland (see DoxNER 1957). These 
zones have not either been separated further north, in Kainuu (KA."XERVA 1956). 
Apart from the difficulties in determining the three abo,·e-mentioned zones in 
northern Finland, the other Post-Glacial zones are also difficult to separate 
on the same basis as in southern Finland. In the Kuusamo area, in north-eastern 
Finland, there is a later Pimes ma:cimum than further south, the Alnus curve 
is mainly represented by Almt.s incana and not by A . ghetinosa, and Picea 
appears early in the diagrams (VASARI 1962). These features, and also the 
insignificant amounts of pollen of Corylus, [;{mus, Quercus and Tilia led \-A-
ARI to use a zoning of the diagrams n·hich is based on that which NEUSTADT 
(1957) used for his Kola-Carelian type of diagram, but, as pointed out by 
VASARI, the zone boundaries in his division do not fully correspond to those 
m EUSTADT's division. VASARI differentiated the following Post-Glacial 
zones: Eoholocene, Hl2, which has a lon·er Betula ma..'l:imum, Hl2a , and an upper 
part, Hl2b, with an increase of Pinzts. The final rise of the Pinus curve marks 
the beginning of the Mesoholocene, Hl3 , which has a lower part, Hl3a, marking 
the Pimts ma..'{imum, and an upper part, Hl3b, with a mixed forest of Pinus 
Betttla and Alnus. The last zone, Neoholocene, HI.., is also divided into two 
parts, a lower part, Hl4a, with Picea and deciduous trees, and an upper part, 
H~b, with fewer deciduous trees and a marked increase of Picea . 
Diagrams 18-20 represent the type described by VASARI (1962) and his 
zoning for north-eastern Finland is used for them (see Fig. 2.). The lower part 
of the Eoholocene, Hl2a, marked by a Betula maximum, i well-developed and 
the rise of the Pinus curve, marking the beginning of sub-zone Hl2b , can be 
seen in all diagrams. The final rise of Pi1ms, marking the beginning of the ::\Ieso-
holocene, Hl3 , is well defined in diagrams 19 and 20, whereas in diagram 18 the 
Pinus curve rises sharply to the maximum already in the beginning of Hl2b 
and the boundary Hl2b/Hl3 can not be drawn. The upper boundary of zone Hl3 
is marked by the rational border for Picea. A rise of the Pimts curve is not 
found at this level in the three diagrams, nor a marked change in the curves 
for the other trees. Thus, the zone boundary is entirely based on the rational 
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border for Picea, and it can not be considered to represent a very reliable level 
in a large area because the rational border for Picea varies a great deal, which 
will be discussed later. In the middle of zone Hl3 there is a decrease of Pinus 
and above this level Alnus is more strongly represented together with Betula 
as compared with the lower part of the zone. These differences enabled VASARI 
to differentiate the two sub-zones Hl3a and Hl3b in the Kuusamo area. As the 
boundary is not sharp, but merely shows a transition to a forest with more 
Betula and Alnus, it is not used here, but it can probably be used in more 
restricted areas than that represented by diagrams 18-20. The Neoholocene, 
Hl4 , does not greatly differ from Hl3 , apart from the rise of the Picea curve. 
The occurrences of pollen of Corylus, Ulmus, Quercus and Tilia , however, get 
sparser but as there is no clearly marked level at which the occurrences stop, 
the zone is not here sub-divided into two parts. Thus, in the diagrams from 
north-eastern Finland the zones Hl2 , Hl3 and Hl4 as well as the sub-zones 
Hl2a and Hl2b , as defined by VASARI 11962), can be separated. 
In Lapland the vegetational history ctiffers greatly from that in other parts 
of Finland and the use of the above-mentioned zones is not possible. AuER 
(1927) separated the follo·wing stages in Lapland: A short alpine period followed 
by a sub-alpine period characterized by a Betula maximum. Then followed a 
longer forest period ·with Pinus dominating. In the uppermost parts of the 
diagrams there is a decrease of Pt"nus, an increase of Betula and at the same 
time the rise of the Picea curve. The same main stages were separated by AARIO 
(1943) on the basis of the pollen diagrams from Petsamo Lapland. In the area 
of coniferous forests AARro distinguished the following zones: I , a period with 
a Bet~tla maximum, II and Ill, a period with predominantly Pinus, and IV, 
a period in which there are small amounts of Picea . A distinction can be made 
between zones II and Ill further north near the coast on the basis of Alnus, 
here A. incana, but no such distinction can be made in the area of coniferous 
forests . 
In the diagrams from northern Finland, mainly Lapland, the zoning of 
AARro (1943) for the coniferous forests can be applied directly to diagrams 
21-25. Only Betula, Pinus and Picea can be used in separating the vegetational 
periods. Alm~s is found in some diagrams, and Corylus and Ulmus only occur 
sporadically. The stages as described by AARro can be distinguished in all 
ctiagrams; the Betula maximum, zone I , lowermost, the Pinus maximum, zones 
II and Ill, in the middle, and uppermost a zone with small amounts of Picea, 
zone IV. The lower boundary of zone IV is also here, as in north-eastern Fin-
land the lower boundary of zone m. entirely based on the rational border for 
Picea, and may therefore show great variations in age between different parts 
of northern Finland. A schematical diagram of the vegetational development 
in this area is also given in Fig. 2. 
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Dating of the zones 
With the help of a great number of pollen diagrams from mires (see Du 
RIETZ 1949, SJORS 1948) and lakes at various altitudes in southern Finland the 
relationship between the pollen analytical zones in that area and the stages 
of the Baltic Sea (see Fig. 2) has been established (SAGRA.\10 1958) . The well-
developed shore lines have been correlated with the zones by determining 
the periods in which the lakes were isolated from the Baltic as a result of the 
relative uplift of land. The isolation level in the pollen diagrams has usually 
been determined with the help of diatoms, which have also been used in trac-
ing the marine and fresh-water stages of the Baltic. The relative chronology of 
the pollen diagrams has been tied to the varve chronology through the shore 
lines which have a known relationship with the stages of ice retreat, dated 
with the varved clays. 
The beginning of the Post-Glacial period in the vegetational history is 
correlated with the beginning of the Finiglacial retreat of the ice from the 
Salpausselkii. moraines and the final drainage of the Baltic Ice-lake to the 
Yoldia Sea level, ea. 8000 B.C. according to the varve chronology (SAURAMO 
1958). In the zoning of diagrams from southern and central Finland the Pre-
Boreal period, zone IV, corresponds to the Yoldia ea, and the period ends, 
according to the varve dating of the ice retreat, ea. 7000 B.C. (SAURAMO 1958). 
During the Yoldia Sea period the whole area in which the zoning for southern 
and central Finland can be used became ice-free, but large areas were still 
submerged. The fresh-water Ancylus Lake stage corresponds, according to 
SAURAMO (1958), to the upper part of the Boreal period, zone V, and began ea. 
6500 B.C. and ended at the end of the Boreal period, just after 6000 B. C. , which 
marks the zone boundary V/VI (FROIDI 1938, SAURAMO 195 ). The final stage 
of the marine Yoldia Sea in the Baltic, before the formation of the Ancylus 
Lake, is the Echineis Sea, corresponding to the lower part of the Boreal period, 
zone V, and possibly the uppermost part of the Pre-Boreal period, zone I\ 
(SAURAMO 1958), whereas also the lower parts of zone are correlated with the 
Ancylus Lake by HYYPPA (1960), who does not separate the Echineis stage 
in the Baltic after the Yoldia Sea. The Litorina ea corresponds to the Atlan-
tic and Sub-Boreal periods in the pollen diagrams, and the end of the Li-
torina Sea period is placed at ea. 1000 B.C. , whereas the zone boundary VIII/ 
IX, marking the beginning of the Sub-Atlantic period, is placed at ea. 500 
B.C. (SAURAMO 1958). 
There is general agreement between the dating of the above-mentioned 
zones in Finland and the more accurate dating of corresponding zones in 
Scandinavia and north-western Europe, where a chronology based on radio-
carbon measurements has already been established for the pollen zones. 
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The few radiocarbon measurements from Finland so far published confirm 
the chronology established, but do not date the zone boundaries more 
accurately . There is one date from the middle of zone IV (Su-13, 9600±350), 
one from zone V (Su-3, 8100± 200) and two from the Sub-Boreal period, zone 
VIII (Su-5, 4350±100; Su-6, 4100±100; HYYPPA, HOFFREN and IsoLA 1962). 
The first sample is from Porvoo (Borga) in southern Finland, the three other 
ones from south-western Finland. In addition one sample taken by OKKO is 
dated in central Finland representing zones VII-VIII (St-689, 5500± 100; 
ENGSTRA..."N"D and OSTLUXD 1962). 
In correlating the zoning of north-eastern Finland with that of southern 
Finland V !\SARI (1962) made comparisons with diagrams from northern Swe-
den and dated the zones by applying his own zones to the Swedish diagrams, 
which according to him reflect the same vegetational history as that in north-
eastern Finland. The zone boundary Hl2b/Hl3a is dated by VASARI on the basis 
of a diagram from bvertornea (FROllm 1949), in which the salt-water diatoms 
cease and diatoms typical for the Ancylus Lake begin at a level at which V A-
SARI placed this zone boundary. As the Ancylus Lake period in SAURAMo's 
zoning begins in the upper part of zone V, V ASARI placed the zone boundary 
Hl2b/Hl3a at this level. The zone boundary Hl2afmb he placed in the middle 
of SAURAMO's zone I V. The placing of the upper boundary of zone Hl2 in SAu-
RAMo's zone V is further supported, according to VASARI, by a radiocarbon 
dating of the beginning of the Alnus curve in the diagram from Swedish Lap-
land (LuKDQVIST 1957). This level, with a date of 6620±125 B.C. (LuNDQVIST 
1957) and coinciding with a Pinus maximum, VASARI correlated with the lower 
part of zone Hl3a. Thus, the correlation by VASARI indicates that the zone 
boundary Hl2afH12b is in the middle of zone IV of southern Finland and that 
the rise of the Pinus curve to its maximum is in the middle of zone V. The 
diagrams in northern Sweden, however, are not directly comparable with the 
diagrams from north-eastern Finland, if only because of a great difference in 
the time of deglaciation of the two areas. Therefore, before a more conclusive 
correlation with northern Sweden is possible, it is probably safer to consider 
the zones separated in north-eastern Finland as corresponding also in time to 
the zones in Kola-Carelia ( EUSTADT 1957), an area which is, unlike northern 
Sweden, adjacent to north-eastern Finland. Thus, it is here tentatively assumed, 
in agreement with NEUSTADT, that the zone boundary Hl2b/Hl3a approximately 
corresponds to the zone boundary V /VI in southern Finland, and that the 
boundary between sub-zones H12a and Hl2b corresponds to the zone boundary 
IVfV. Of the younger zones VASARI correlated the boundary Hl3b/H14a with 
that of VII/VIII in southern Finland, which in the present study was not 
drawn. The boundary ma/Hl,b ( = Hl3/m of NEUSTADT) is correlated with 
the zone boundary VIII/IX, but this boundary again was not drawn in the 
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diagrams from north-eastern Finland. Thus, a closer correlation between the 
two areas is not yet obtained for the younger Post-Glacial zones. There are no 
radiocarbon dates for north-eastern Finland. 
In dating the zone boundaries in Lapland, in northern Finland, AARIO 
(1943) correlated pollen diagrams from various altitudes with the shore lines, 
in the same way as the zones were correlated ;.vith the Baltic shore lines in 
southern Finland. The shore lines determined in Petsamo Lapland (now in the 
U.S.S.R.) by TAi'<NER (1930), who used OYEN's palaeontological chronology, 
were correlated with the zone boundaries. The boundary I /II in the pollen 
diagrams was found to correspond to the upper limit of the Tapes shore line, 
which corresponds to the upper limit of the Litorina shore line in southern Fin-
land, formed during the Atlantic period ea. 4000 B.C. (SAtrRA.)'fO 1940, p. 185). 
This dating also agrees with the results obtained in southern Norway about the 
age of the Tapes limit (FEYL~G-HA.'\SSEX 1957, HAFsTEX 1958). The zone 
boundary III/IV, marking the level for the rational border for Picea, was 
already approximately dated by A ER (1927) to correspond to the Sub-Boreal/ 
Sub-Atlantic boundary at ea. 500 B.C. AARIO (1943) correlated it with TA.x-
NER's shore line a4 ( = Ostrea I ), corresponding to the Bronze Age shore line in 
southern Finland (SAURAMO 1940, p. 172). A radiocarbon dating (Su-7, 2700± 
90 = ea. 750 B.C., HYYPPA, HOFFREX and ! SOLA 1962) for the beginning of 
the Sub-Atlantic period in Ivalo, Lapland, agrees ·with the correlation with 
southern Finland, where the Bronze Age is dated to 1300-500 B.C. {Krvi-
KOSKI 1961, p. 9). Another radiocarbon date, ea. 6350 B.C. (Su-2, 8300±200, 
HYYPPA, HoFFREN and !SOLA 1962) for the zone I Betula maximum in Vuotso, 
Lapland, also agrees with the above-mentioned correlations. The spread of the 
forest vegetation was somewhat delayed in northern Finland as compared 
with the areas further south, but birch forests spread in Petsamo Lapland 
already towards the end of the period corresponding t o the Yoldia Sea period 
of the Baltic (AARIO 1943) . 
The schematical diagrams in Fig. 2 are drawn according to the correlations 
obtained so far and are only tentative, but detailed enough to allow some con-
clusions about the regional differences in the history of the forests. 
History of the fore ts 
From the diagrams used in the present work it is evident that the history 
of the forests varies considerably in different parts of Finland. The diagrams 
in southern Finland show that there was first a period with predominantly 
birch (zone IV) , then a period with predominantly pine (zone V) and during 
the climatic optimum (zones VI-VIII) a period with deciduous forests, mainly 
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represented by birch, but also with black alder, elm, hazel and some oak and 
lime. The climatic deterioration during the Sub-Atlantic period (zone IX) 
caused a change to coniferous forests in which spruce became common after 
its general spread just before or during this period. The general sequence, 
birch - pine - deciduous forests - coniferous forests, is more or less clearly 
reflected in all the pollen diagrams in which the zoning for southern and central 
Finland could be used, but the influence of deciduous trees during the climatic 
optimum was small further north and north-east, until it ceased entirely. This 
regional difference in the forest history, as reflected in the pollen diagrams, is 
determined by how far the influence of the deciduous trees, apart from birch, 
penetrated during the climatic optimum north and north-east of their present 
northern limits in southern and central Finland (see Fig. 1). Apart from the 
relative abundance of deciduous trees in zones VI-VIII the often steep rise 
of the alder curve is also an important feature in southern and central Finland. 
Here it is caused by the expansion of black alder (Alnus glut-inosa), but in 
areas north of its present northern limit (see Fig. 1) the alder curve is mainly 
represented by grey alder, Alnus incana (VASARI 1962). Thus the alder curve 
in the north can not be correlated with the curve in the south. 
As seen above, there is a limit in northern and north-eastern Finland, sche-
matically indicated in Fig. 1, beyond which the forest history is markedly 
different from that in southern and central Finland. Within the latter area 
(A in Fig. 1) there is a rather uniform vegetational history in which the main 
stages can be separated in the whole area. In figures 3-6 the tree pollen com-
position is given for the zones separated in southern arid central Finland. The 
percentages are averages of all samples in the diagrams within the periods 
represented on the maps. In the first two maps, representing the Pre-Boreal 
and Boreal periods, zones IV and V, only the percentages for pine and birch 
are given because the other components are too small to be presented. From 
the first two maps it can be seen that the percentages for pine and birch during 
each stage varied very little within the area. The uniform dominance of birch 
during the Pre-Boreal period (Fig. 3) changed to a general dominance of pine 
during the Boreal period (Fig. 4). The map representing the Atlantic and Sub-
Boreal periods (Fig. 5) clearly shows the increased influence of alder, as well 
as elm, oak, lime and hazel, here all grouped together as representing mixed 
oak forest. They are all, however, more strongly represented in southern Fin-
land than further north. In the east the early immigration of spruce is reflected 
in its high percentages in the easternmost diagram. The map giving the tree 
pollen composition during the Sub-Atlantic period (Fig. 6) clearly shows the 
high percentages for pine and spruce, the latter being strongly represented 
everywhere except in the coastal area of south-western Finland where alder 
and mixed oak forests were still common. Apart from the last-mentioned area, 
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the only area m Finland in which Central European deciduous forests still 
occur (KALELA 1958), the percentages for birch were lower than during any 
previous Post-Glacial period. In Figures 7-9 the percentages for alder during 
the Boreal period, zone V, the Atlantic and Sub-Boreal periods, zones VI-VIII, 
and the Sub-Atlantic period, zone IX, are shown. Fig. 7 shows that alder 
was already rather common in some areas during the Boreal period, but it was 
during the climatic optimum that alder was relatively "'i.despread, especi-
ally in the southern coastal area (Fig. 8). During the Sub-Atlantic period (Fig. 
9) alder diminished, especially in central Finland. Here Alnus gluti1Josa, 
however, later again spread as a result of forest clearance. 
As seen above, there is a gradual change northwards in the forest history 
within the area of southern and central Finland in which the same zoning could 
be used. However, in north-eastern and northern Finland, in the areas in which 
two different zonings have to be used, the forest history differs more markedly 
from that in southern Finland. In north-eastern Finland, where the forest 
history resembles that of areas in Soviet Carelia and where therefore the zon-
ing used by NEUSTADT (1957) for his Kola-Carelian type of diagram can be used 
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(V ASARI 1962), the stages after the first 
birch-dominated period, Hl2a, corre-
sponding to the Pre-Boreal period 
further south, differ a great deal from 
those in the south (Fig. 2). During the 
Boreal period there was an increase in 
the amount of pine, but not a maximum 
in the pine curve as further south. 
The pine maximum falls in the Atlan-
tic period. The relationship between 
birch and pine in the Boreal period 
changes within the area in which the 
north-eastern type of diagram is 
found. In the southemmost pollen 
diagram, 18, there is still a marked 
rise of the pine curve in the begin-
ning of the Boreal period, whereas 
in diagrams 19 and 20 the pine curve 
reaches its highest percentages in 
the Atlantic period. Apart from birch 
and pine, spruce had already immi-
grated into north-eastern Finland 
during the Boreal period, but during 
the Atlantic period, Hl3 , it tempo-
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Fig. 9. Percentages for A In u s pollen in south-
em and central Finland during the Sub-
Atlantic period, zone IX. (Sca le in Fig. 7). 
rarily withdrew. In north-eastern Finland there were only traces of 
pollen of hazel, elm, oak and lime during the climatic optimum, indicating 
through their presence, most probably as a result of long distance transport, 
that they were more common in southern and central Finland during this 
period. The only more marked change in the forests during the climatic 
otimum was a slight increase of birch towards the end of the Atlantic period. 
Alder, mostly grey alder, was never strongly represented. Spruce became com-
mon again during the Sub-Boreal period, after which also pine steadily in-
creased. The general sequence in the forest history of north-eastern Finland, 
i.e. birch - pine, but less common than in southern Finland, with spruce -
slight increase of birch but pine dominating - coniferous forests with pine 
and spruce, reflects both the eastern influence, an early immigration of spruce, 
and the northern influence, a strong representation of pine instead of deciduous 
trees during the time of the climatic optimum. 
The area in north-eastern Finland, as described above, is also the eastern 
part of an east-west zone in Finland, north of which the forest history differs 
entirely from that in southern and central Finland. In northern Finland the 
2 
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general sequence starts with a birch-dominated period which began in the Pre-
Boreal period and continued into the Atlantic period. During the end of the 
Atlantic period pine became the dominating tree and only after the beginning 
of the Sub-Atlantic period did spruce immigrate. During this period there 
was again a slight increase in the amount of birch, but pine was still dominant. 
Alder, here grey alder, occurred sparsely from the beginning of the Atlantic 
period. 
As seen from the discussion above, the differences in forest history between 
the three a reas separat ed in Finland on the basis of the pollen diagrams are 
mainly caused by the limited spread northwards of the mixed oak forest vege-
t ation, including hazel, during the climatic optimum. In addition to this south-
ern influence of deciduous forests the immigration of spruce from the east 
resulted in a different forest history in north-eastern Finland. This early in-
fluence of spruce is also seen further south in eastern Finland, but here the 
main periods in the forest history still resemble those in southern and central 
Finland. 
The changes in the forest composition were in the beginning of the Post-
Glacial period determined by the sequence of immigration, depending on the 
distance the trees had to travel and the speed at which they migrated, and the 
competition among the trees, whereas later the competition among the t ree 
species present conditioned the succession of stages (I vERSEX 1960) . This , 
according to IvERSEN, is the reason for birch being established before pine, a 
succession seen in all diagrams from Finland. These two stages represent the 
Pre-Boreal and Boreal periods in southern and central Finland, whereas the 
general spread of pine was delayed in north-eastern Finland, even if pine was 
already present during the Boreal period. In northern Finland the birch stage 
lasted from the end of the Pre-Boreal period to the end of the Atlantic period, 
and pine spread during the end of the Atlantic period and remained after this 
the dominating tree species in contrast to southern Finland. It seems likely 
that the forest history in the north was not only simpler, i.e. had less stages, 
but that the changes in the forest composition which can be seen in the pollen 
diagrams took place more slowly than further south. The climatic change 
from the time of the deglaciation until the time of the climatic optimum was 
smaller in the north than in southern Finland. Thus, there were relatively small 
changes in the forests of the north as compared with the changes from birch 
forests to deciduous forests that took place in southern Finland in almost the 
same amount of time. The first expansion of forest in the north was probably 
delayed less than a thousand years as compared with southern Finland. 
In addition to the regional differences found in the northward migration 
of birch and particularly of pine, which succeeded birch, the migration north-
wards of hazel, elm, alder, oak and lime are also reflected in the pollen diagrams. 
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As an e..'rample of this, three stages of the immigration of Tilia are shown in Fig. 
10. As a basis for the map the position of the rational border for the Tilia 
curve was determined in the diagrams in which it occurs in relation to the 
zone boundaries V/VI and VIII/IX, both of which are well-developed. Even if 
these two zone boundaries are not entirely synchronous in the area of southern 
Finland in which Tilia spread, the map gives an indication of the northward 
migration of lime during the climatic optimum. The levels used for the map are 
marked in the pollen diagrams. The distance of the rational border for Tilia 
from the zone boundary V fVI was determined and given as a percentage of 
the distance between the zone boundaries V /VI and VIII/IX. Thus, three 
stages of immigration could be given. The first (0-30 %) represents about the 
first two thirds of the Atlantic period. The second (31-60 %) represents the 
end of the Atlantic period and the beginning of the Sub-Boreal period, and the 
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third (61 - 75 %) the middle of the Sub-Boreal period. The whole period of 
the immigration of Tilia presented in Fig.iO represents about 4000 years. From 
the map it can be seen that Tilia spread from the south and south-east north-
wards towards its present northern limit. The difference between the migra-
tion during the Atlantic and Sub-Boreal periods could not be demonstrated, 
but it can be seen that Tilia only reached its present northern limit during 
the climatic optimum. Tilia was, however, probably more common during 
that time than later during the Sub-Atlantic period. Tilia cordata is at present 
fairly common only in southernmost Finland and there are only isolated finds 
in central Finland (HULTEN 1950). The immigration of oak shows a similar 
trend, and hazel and elm also immigrated from the south and south-east, but 
earlier, in southernmost Finland already during the end of the Pre-Boreal 
period. They were, however, more widespread only during the Atlantic and 
Sub-Boreal periods. 
To show the difference between the immigration of the deciduous trees 
from the south and south-east and that of spruce from the east (earlier discussed 
by AuER 1928) a map was also drawn to show the immigration of Picea (Fig. 
11). The map was constructed in the same way as that for Tilia, but five stages 
could be separated for spruce. Furthermore, the level at which the Picea curve 
shows its first rise to 5-10 % was used in the diagrams, a percentage which 
is high enough to assume that spruce grew in the area. A further increase in the 
percentages occurs often later in the diagrams. The first stage of immigration 
is the Boreal period, during which spruce was already present in eastern and 
north-eastern Finland. During the Atlantic period it probably grew in these 
areas, but its percentages were very low in the pollen diagrams. The next period 
during which it expanded was the Sub-Boreal period, the three following stages 
on the map. These stages were determined in the same way as for lime, i.e. the 
distance of the rise of the spruce curve is given as a percentage of the di-
stance between the zone boundaries V /VI and VIll/IX. All these stages were 
in the second half of the period represented by zones VI-VIII, and therefore 
represent the Sub-Boreal period. As seen from the map spruce spread during 
this period to most parts of southern and central Finland, but more rapidly 
in the south. The last stage on the map represents the Sub-Atlantic period. 
Spruce immigrated late along the coasts of Finland because they were earlier 
submerged and became dry land only during the Sub-Atlantic period. Thus, in 
the low coastal areas of western Finland spruce immigrated later than in some 
parts of Sweden which emerged earlier from the Baltic Sea. Spruce also spread 
to northern Finland during the Sub-Atlantic period. As already noted, spruce 
immigrated to most parts of southern and central Finland during the Sub-
Boreal period but did not become common. However, the fact that already at 
that time it was present in a large area meant that when the deterioration of 
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the climate took place in the beginning of the Sub-Atlantic period, and its 
expansion was furthered, it wery quickly expanded (see SAURAMO 1940). This 
is seen in the sharp rise of the Picea curve in the pollen diagrams at the zone 
boundary VIII/IX in central and southern Finland. The immigration of spruce 
into Finland took over 6000 years, but it is divided into two main stages, the 
Boreal and Sub-Boreal periods. The conclusions about the immigration of 
spruce are in agreement with those based on a comparison of the spruce pollen 
curve with the shore lines of the Baltic Sea or the central Finnish lakes 
(AUER 1928, BRANDT 1949, VIR.KKALA 1%0). 
Somewhat similar to the immigration of spruce was that of alder, here 
Alnus glutinosa, in southern and central Finland. Although it was already 
present during the Boreal period (Fig.7) it was not until the beginning of the 
Atlantic period that the conditions favoured its general expansion, but when 
it did become more widespread it did so rapidly and in a large area. 
Conclusions 
From the general trend in the forest history some conclusions can be drawn 
regarding the zones and their use for purposes of correlation. On the basis of 
the material used it is evident that all zone boundaries are not synchronous 
throughout Finland, if only because of the time it took for some of the tree 
species to migrate through the country. The rational borders for Picea and Tilia, 
as well as for Corylus, Ulmus and Quercus vary a great deal and any zone 
boundary based only on the rational border of one of these tree species is time-
transgressive. Thus, the boundary ill3/m in north-eastern Finland has a 
limited use and the boundary III/IV in northern Finland probably shows rela-
tively great variations in age. In the sequence Betula maximum - Pinus 
maximum there are also regional differences, but this is only apparent in north-
eastern and northern Finland, whereas in southern and central Finland there 
is no traceable difference between the areas. In north-eastern Finland there is 
a great time difference within a small area in the final rise of the pine curve 
to its maximum. In northern Finland the rise of the Pinus curve takes place 
towards the end of the Atlantic period. It is evident that the pine maximum, 
which followed the first general expansion of birch, was especially delayed in 
the northern parts of Finland. In southern and central Finland the Alnus 
curve has its steep rise at the same level, V /VI, at which there is often a general 
rise in the curves for deciduous trees and a corresponding fall in the Pit~us 
curve. This is a marked vegetational change, which on the basis of the present 
material, and compared ·with the Ancylus stage of the Baltic Sea (SAURAMO 
1958), does not seem to show greater variations in time. Another even clearer 
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change is at the zone boundary VIII/IX, reflecting the climatic deterioration 
at the beginning of the Sub-Atlantic period. Apart from other changes in the 
pollen curves both the last-mentioned zone boundaries show a sudden rise of 
a particular curve for a tree species which was already p resent in the area 
before the zone boundary; at the zone boundary VJVI a rise of Alnus and at 
VIII/IX of Picea. Both boundaries are therefore probably climatically con-
trolled. 
It can be concluded that even if there a re great regional differences in the 
forest history of Finland the zones separated for the three different areas 
(Figs. 1, 2) can be used in these areas and that some of the main vegetational 
changes are probably almost synchronous within these areas. The best defined 
zones are those separated in southern and central Finland, whereas the zones 
in north-eastern and northern Finland are still tentative and can not be closely 
correlated with the zones in southern and central Finland until more accurate 
datings of the various stages are available. Furthermore, more detailed pollen 
diagrams, in which the non-tree pollen a re included and in which more pollen 
are counted than in the diagrams now available, "ill probably permit a more 
detailed zoning in all parts of Finland. 
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Pollen diagrams 
Explanations 
The percentages a re a ll drawn to the same scale as given in pollen diagram 1. The 
leye!s used for the determination of the immigration of Tilia and Picea are indicated witll 
short horizonta l lines in the diagrams. 
l\1yr, myren (Swedish), suo (Finnish) =mire; lampi (Finnish) =pond; jan ·i (Finnish) 
= lake . 
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1. Lillmyran, Sund, the Aland Islands, 41.0 m . above the present sea Je,·el. Samples 
collected by A. L . BACKMAN 1955, analyzed by Mrs. T . UOMALAIXEN 1956. 
2. Kovelansuo, Nummi, 53 m. (BACKM..ol....'< 1951 , Fig. 5, p. 2 t ). 
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3. Mustalampi, Pusula, 91.5 m. (SA RA~IO 1958, Fig. 61, p. 200). 
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4. Nalkalampi, Lohjanselka, 90 m. (SA t:"RA.:\10 1958, Fig. 2/, p . 123). 
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5. Liivala hdenjiirvi, Suursaari (Hogland). T..: .S.S. R., ~; m. 
(SAGRA ~IO 1958, Fig. 56, p. 1/ '•). 
2? 
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6. Likolampi, Perho, 136 m. (SAUR..U\10 1958, Fig. 85, p . 245). 
ACTA BOTAXICA FE::\TNICA 65 29 
-~ / r-'\. I '\. " / I 
./ \ ........... / 
_.....,-
............. t IX \ I 
2 
' 
t -
/ I ~-
' 
r- - -- --~ J 
-) ,__ I 
'\. ; \ / ~ J \ \ I I li VI-VIII / / ~ \ ........... ............ ~ ~ I \ } ~ 
-
) 
,_ h) 
\. 7 
~ V ~ 
t 
~ IV ~ 
I I I I I I I I I I I I I I I ~ r [rr"1 rr I I I I 
7. Varrassuo, Lahti, 14 7.1 m . (DoxNER 1951, Fig. 16, p. 4.1). 
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8. Valkialampi, Hamina (Fredrikshamn), 50 m. (DO:s1\"ER 1952, Fig. 3, p. 8). 
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9. Polttimonsuo, Lauritsala, 72 m. (LAPPALA.IXE~ 1962, F ig. 8, p. 37) . 
10. Laajansuo, Ahtiiri, 146.4 m. (SAURA~O 1958, Fig. 118, p. 325). 
V 
IV 
32 ]. ]. Donner: The zoning of Pollen Diagrams in Finland 
K ""' j r-'\. H 7 t--J 
-( 7 ~ ~ 7 
" } / ) IX 
!- \. t ~ 7 ~ 
....... ./ 
2 
' ' ~ ./ 
~ D ~ "1._ r-----t' < ~ l\ t:::::::f 3 
5 
f) ~ l l } ) } ~ ~ VI-VII I ~ 
~ E ~ ) ~ =:! ~ ~ E :::: 
4 
r V 
~ 1 ~ 
6 
~ ~ IV 
I I I I I I I I I I I I I I tor ......,.., [--1 ~ I I 
11. Koukkulampi, Jamsii, 122 m. (SAUR.<L~O ! 958, Fig. 96, p. 287). 
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12. Saarijarvi, J oroinen, ea. 100 m . (]ALAS and OKKO 1951, Fig. 3, p. 93). 
13 . Kirjavalahti, Sortavala, .S.S.R ., 45 m . (SAURAMO 1958, Fig. 125, p. 349). 
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14. Rintajankorpi, Pihtipudas, 122 .8 m. (SAGRA..c\10 1958, Fig. 11 0, p. 303). 
15. Nilsia, 155.9 m. ( Do~~"ER 195'i, Fig. 12, p . 23). 
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16. Pahalammen suo, Paltamo, 171 m . ( KA.."-'"ERVA 1956, Fig. 22, p. 65). 
17. Pikku-Antinlampi, Kerala, Suomussalmi, 206 m . ( KAXERVA 1956, Fig. 17, p. 56). 
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18. Teerineva, Murtovaara, Vuokkijarvi, 223 m. (VIRKKALA 1960, 
Fig. 37, p . 50) . 
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19. Kuohusuo, Piispajii.rvi, Suomussalmi, 256 m. (KANERVA 1956, 
pollen diagram 2, Appendix 1). 
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20. Kuusamonsuo, K uusamo, 2i5.2 m. (HYYPP.~ 1941, Fig. 1, p. 603. 
Diagram redrawn and published in DO:\"-"ER 1951, Fig. 36, p . 73, and 
VASARI 1962, Fig. 3, p. 25). 
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2 1. Port imojarvi, valley of Simojoki , 145 m . (HYYPP.:\ 1936, Fig . 6, p. 435) . 
22. R uohoaapa, Salmivaara, 195.5 m . (HYYPPX 1936, Fig. 4, p . 431). 
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23. Vuotso {AUER 1927, 
pollen diagram 8 7, 
Appendix 3). 
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24. Enontekiii (AUER 192 7, pollen diagram 48, Appendix 3). 
25. Suonikylii, .S.S. R. {AARIO 1943, Fig. 1, p. 12) . 
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